We report our observations on one soldier with abnormal hyperthermia during exercise in the heat compared with prior exercise and following acute local (non-febrile) infection. Also, we report on 994 heat stroke hospitalizations in the U.S. Army. It is known that prior infection is a risk factor for heat illness and some of the 37 heat stroke deaths cited infections (eg, pneumonia, influenza) in the medical records. Results: This case report illustrates complete recovery from abnormal hyperthermia, which occurred in a laboratory setting during mild, low intensity exercise. In a field setting, this case may have resulted in serious heat illness. As with most of the heat stroke cases, rapid medical attention (ie, cooling and rehydration) and the age group (19 to 26) that represents majority of the heatstroke cases in U.S. Army are likely factors that contribute successful treatment of heatstroke in the field environment. Conclusions: We conclude that acute inflammatory response can augment the hyperthermia of exercise and possibly increase heat illness susceptibility. Furthermore, it is important for health care providers of soldiers and athletes to monitor acute local infections due to the potential thermoregulatory consequences during exercise in the heat.
Background
Exertional heat illnesses tragically affect the lives of apparently healthy athletes, 1 military personnel, 2 and industrial workers. From 1995 to 2001, 21 young football players died from heat stroke in the United States. 1 Several personal characteristics, health conditions, medications, and environmental factors are associated with serious heat illnesses. Although rare, even those in low-risk populations (fit and heat acclimated) who take appropriate precautions and who are exposed to conditions they have experienced many times before still incur serious heat illness. 3, 4 
CASE STUDIES
This suggests the possibility that some victims were inherently more vulnerable on a particular day and/or that some unique event triggered the serious heat illness.
Historically, such unexpected cases were attributed to dehydration (which impairs thermoregulation and increases cardiovascular strain), but it is now suspected that a previous event (eg, sickness or injury) might make victims more susceptible to serious heat illness. 4 One theory is that previous heat injury or illness might prime the acute-phase response (ie, increase in C-reactive proteins in the blood, fever, and other metabolic changes in response to inflammation) and augment the hyperthermia of exercise, thus inducing unexpected serious heat illness. 5 Another theory is that prior infection might produce pro-inflammatory cytokines that deactivate the ability of cells to protect against extremely high temperatures. 6 These theories seem to corroborate a case report of heat stroke during endurance exercise in cool weather following a suspected viral infection. 7 To the best of our knowledge, however, there have been no reports of serial physiological responses to exercise-heat stress prior to and after a documented local infection. In this paper, we report our observations on one soldier with abnormal physiological responses during light treadmill exercise in the heat prior to and after an acute local infection. This case report demonstrates the need for health care providers of soldiers and athletes to have a high level of vigilance when treating local infections in these highly active individuals. Clinical features related to infections in U.S. Army heat stroke patients treated in a hospital are limited; however, prior infection (eg, upper respiratory) has been reported as risk factor for heat stroke and during the 1995 Chicago heat wave, 57% of patients had evidence of infection on admission. 8 We report descriptive data (eg, length of hospital stay, other clinical conditions) of 994 heat stroke hospitalizations in the U.S. Army from 1980 to 2002; however, historical data regarding prior infection were not available for these analyses.
Abnormal Hyperthermia: A Case Report
A 21-year-old male U.S. Army soldier (67.4 kg, 1.65 m) with no history of heat illnesses was involved in a study requiring 5 days of heat acclimation / familiarization. His past medical history was unremarkable. The study required the volunteer to walk at 5.6 kilometer/hour and a 4% grade for 100 minutes during 5 consecutive days. The environmental chamber temperature was 40 o C, relative humidity was 20%, and the wind velocity was 1 m/sec. Each day rectal temperature, skin temperature, and heart rate were measured continuously primarily for safety purposes. The volunteer exhibited normal core temperature and heart rate responses to the 100-minute exercise bout in the heat on days 1 and 2 ( Figure 1 ). 8 On day 3 (Aug 14), the volunteer reported for testing with a slight elevation in resting core temperature of 37.1 o C compared to 36.6 o C on the previous two days, all of which are within normal range. This mild resting hyperthermia could not be explained by alterations in hydration state (body mass), sleep patterns, or circadian variation. When compared with days 1 and 2, there was also a slight increase in the slope of his core temperature response to exercise (Figure 1) . 8 His core temperature at the end of exercise on days 1, 2, and 3 were 37.8, 37.7, and 39.1 o C, respectively. In addition, his heart rate at the end of exercise on days 1, 2, and 3 was 120, 118, and 135 beats/minute, respectively. He completed the 100-minute exercise bout without incident but complained of a blister on his left heel when interviewed afterward. The blister was already broken but otherwise looked normal. A medic provided mole skin and the volunteer was given care instructions.
The following morning when the volunteer arrived for his fourth heat walk, he presented with a limp. Medical examination by the onsite physician revealed that his left foot and ankle were swollen, hot, red, and painful when palpated. Clear fluid was draining from the site of the original blister insult about 5 cm proximal to the lateral malleolus. The volunteer was transferred to a local hospital for further evaluation. A diagnosis of cellulitis was given. Since the incubation period for cellulitis can take several days for the most commonly offending bacteria, the blister must have formed prior to the complaint and the infection was likely subclinical by day 3. The volunteer was prescribed 14 days of oral antibiotic therapy. Nineteen days later, the volunteer continued participation in the study and walked in the heat for the fourth time with physiological responses similar to days 1 and 2 weeks earlier ( Figure 1 ). Because the event occurred in a controlled laboratory setting, where the exercise intensity was low and for a relatively short duration, this individual did not develop a more serious condition; however, friction blisters reportedly occur in almost 70% of soldiers performing long marches, 10% of whom require medical treatment. 9 In an uncontrolled environment (ie, field conditions), it is possible that a subclinical infection could produce abnormal physiological responses to mild exercise in the heat and could have led to excessive hyperthermia and increased tissue vulnerability to apoptosis / necrosis, thus resulting in severe heat illness or heat stroke. 
Heat Stroke Epidemiology in the U.S. Army
The Total Army Injury and Health Outcomes Database (TAIHOD) was used to examine length of hospital stay for subpopulations of U.S. Army soldiers hospitalized for heat stroke. The TAIHOD includes virtually all hospitalizations worldwide of active duty Army soldiers in military hospitals, as well as a high proportion of Army soldiers hospitalized in civilian facilities. The TAIHOD was searched for hospitalizations with the heat stroke ICD-9-CM diagnosis code (992.0), where heat stroke is defined as a severe illness characterized by central nervous system dysfunction, organ (eg, liver, renal) and tissue (eg, gut, muscle) injury with high body temperatures resulting from strenuous exercise and environmental heat exposure. The length of hospital stay was calculated from the date of admission and the date of hospital discharge. Although we cannot exclude the possibility that other injuries and illnesses independent of heat stroke might have altered the length of the hospital stay, this is not likely based on our analysis.
Descriptions of the patients' characteristics are shown in Table 1 . Approximately 34.9% (N = 347) of all cases were less than 21 years of age and this group represents only 17% of the total U.S. Army population. This is likely due to lack of experience and military occupations of this sub population. 2 There were 37 heat stroke deaths during this period. 2 Among the other conditions noted in the medical records of these deaths were prior respiratory infections, influenza, streptococcus pneumonia, cardiovascular disease, hypertension, acute renal failure, and rhabdomyolysis. These individuals ranged in age from 18 to 56. These deaths were likely due to the medical status of the individual prior to the incident, severity of the heat stroke involving multi-organ failure, and possibly delayed medical treatment.
There are potential medical complications resulting from heat stroke (rhabdomyolysis, renal failure, liver damage). However, most individuals in the U.S. Army hospitalized for heat stroke are released in less than one week; however, in some limited cases, further medical treatment and follow-up evaluations are needed. This suggests that heat stroke severity is low and that return to normal unit duty is likely, but precise return to duty data are difficult to quantify. Others 7, 11, 12 similarly report that servicemen and athletes can recover quickly from documented heat stroke, but the time course for return to normal activity varies considerably and is likely related to the severity of the heat stroke. Although some individuals may remain heat intolerant for years after heat stroke, 12 improved medical practices such as rapid cooling and knowledge of the signs and symptoms of heat stroke probably contribute to the likelihood of a speedy and full recovery.
Conclusion
We report our observations on one individual with augmented hyperthermia responses during light treadmill exercise in the heat compared to prior to and after an acute local infection. This case report shows how a minor, non-febrile local infection can impact human temperature regulation during exercise. From 1980 to 2002, 37 heat stroke deaths were reported and among the other conditions noted in some of medical records were prior respiratory infections, influenza, and streptococcus pneumonia. These deaths were likely due to the medical status of the individual prior to the incident, severity of the heat stroke involving multiorgan failure, and possibly delayed medical treatment.
